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(54) Abstract Title 

Roller cone driD bit having non-axisymmetric cutting elements oriented to optimise drilling performance 

(57) At least one cutting tooth 29 with a crest without rotational symmetry is located on the rolling cone of a 
drill bit. The drilling performance of this bit in a selected lithology is simulated and the orientation 0-j of the 
asymmetrical tooth is adjusted and the simulation iterative ly repeated until the optimum orientation has been 
determined. This is associated either with the peak value of a single performance parameter, such as the rate 
of bit penetration, or with the orientation that offers best performance as measured by a combination of 
parameters. A typical optimum orientation is about 25* perpendicular to the plane containing both the cone 
axis and the tooth. The orientation of the base of the tooth may also be optimised in the same way and need 
not match the orientation of the tooth crest (figure 4). Also disclosed is a rolling cone with at least one tooth at 
a different orientation to the rest, in order to prevent tracking. 
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ROLLER CONE DRILL BIT HAVING NON-AXISYMMETRIC 
GETTING ELEMENTS ORIENTED TO OPTBVUZE DRILLING 

PERFORMANCE 



The invention relates generally to fee field of drill bits used to drill earth 
formations* More specifically, fee invention relates to methods for designing, and 
5 to designs, far drill bits Having improved drilling performance. 

Roller cone drill bits used to drill wellbores through earth formations 
generally include a plurality of roHer cones rotate The 
bit body is turned by a drilling apparatu s (drilling rig) while axial force is applied 

10 to fee bit to drill through fee earth formations. Hie roller cones include a plurality 
of cutting elements disposed at selected locations thereon* The types, sizes and 
shapes of the cutting elements are generally selected to optimize drilling 
performance of fee drill bit in the particular earth formations through which the 
formation is to be drilled. 

IS The cutting elements may be formed from the same piece of metal as each 

of fee roller cones, these being so-called "milled tooth" bits. Other iypes of 
cutting elements consist of various forms of "inserts" (separate bodies formed 
from selected materials) which can be affixed to fee roller cones in a number of 
different ways. . 

20 Scone types of cutting elements, both milled tooth and insert type, have 

cutting edges ("crests^ which are not symmetric wife respect to an axis within the 
body of fee cutting element These are called non-axisymmetric cutting elements. 
Some types of roller cone drill bits have non-axisyniroetnc cutting elements 
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c^orientatioriistoW 

One such method for impfoving drill bit performance by orienting cutting 
element crests along a particular direction is described in published patent 

application generally includes determining an expected trajectory of the cutting 
elements as they come into contact with the earth fonnation. The expected 
Rectory is determined by estmnnmg a rotation ratio of the mller cones, fius rafao 
^theeonerota*^ Thecrestsof 

10 the catting elements are then oriented to be S*^^ 

ato^theexi^ ****** die crests axe oriented perpendicnlar or 

along die eacpected trajectory depends on the type of ear^forin^on being drilled. 

Yet another method for orienting me crests of the cutting etenents on a 
roller cone bit is described in U. S, patent no. 5,197^55 issued to Estes. As 

IS c , D> |ainedm^B8t«^55p 

^ angle ranges of 30 to 60 degrees (or 300 to 330 degrees) n^ of 

rotation of the cone. 

It is desirable to provide a drill bit wherein nott-axisyrmnetrk cutting 
elements are oriented to optimize a rate at which the drill bit cots through earth 
20 formations. 



One aspect of the invention is a roller cone drill bit having roller cones 
rotateblyattaciedtoabitbody. Bachof the cones includes a idurah^ of cutting 
25 elemente.atleastoneoftte 
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so that a value of at leasts m0ne 
emlx>diment, the at least one parameter include rate of penetration of the drill bit 

In one embodiment, the crest of the at least one cutting element is oriented 
at an angle of about 10 to 25 degrees from me direction of movement of the 
cotting element as it contacts me earth formation when the cutting element is 
disposed ina position outboard of me teve row location cm ^ In another 
embodiment, the angle is about 350 to 335 degrees when me cutting element is 

feamap^jsitira '• • 

Another aspect of toe invention is a memod for designing a roller cone drill 
10 bit inchidmg smnmtrii^ th^ hit Affimg earth tbiinations. Tliediffloit includes 
rolled cones totally att^hedto a bit body. EachAof the cones includes a plurality 
of cutting elements, at least one i of the cutting elements being rton-axisymmetnc. 
m toe memod, an orientation of me cutting element is attiusted, and me drilling is 
again simulated. Hie adjustment and smiulation am repeated uht^^ 
15 least one driffing perminwnw patameter is op h* one embodiment, the at 

least one performance parameter includes too rate of penetration of toe drifc bit 

Other aspects and advantages of the mvesuion will be apparent from the 
description which follows. 



20 

Figure 1 shows one example of a prior art droller cone drill bit having non- 
axisyrnmetric cutting elements. 

Figure 2 shows a bottom view of one example of a toller, cone bit having 
c utting elements oriented according to toe invenlion. 
25 Figure 3 shows one example of how to approximate a location of a drive 

row on a cone. 
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Figure 4 shows one embodiment of a cutting element which has more than 
one direction of a long dimension. 



mrrATT.Kn PBsraipnoN of 1 

Referring to Figure 1, a typical prior art roller cone drill bit 20 includes a 
5 bit body 22 having an externally threaded connection atone ^ 

of roller cones 26 (usually three as shown) attached to the other end of the bit body 
22 and able to rotate with respect toi^ bit body 22. A||ache4 to tt|e cones 26 of 
die bit 20 are a plurality of cutting elements 28 typically arranged in rows about 
nVsur&ce of the cones 26. 3he cli^ejej^^ *© 
10 ^art^ Jjnclild^ 

milled steel teetk The cutting elements shown in Figure 1 at 28 are non- 
axisymmetric, meaning that the crest 28A of the cutting element is not symmetric 
wim respec* to an axis (not shoro) o^ Typically, the crest 

28A. of a non-axisymmetric catting dement such as shown at 28 will define a long 

15 dimensi on, shown along hne L. An orientation of the long dimension L is 
generally defined as an angle subtended between die direction of the long 
dimension L and a selected reference. In this example the reference is the 

v\, rotational axis of the cone, shown at A. Any other statable reference cmibcused 
to define die orientation of die cutting element The non-axisymmetric cutting 

20 elements 28 on the bit 20 shown in Figure 1 are arranged so that the long 
dimen sion L is substantially parallel (at zero degrees subtended ang?e) with 
respect to the axis rotation A. 

ft should be noted that the long dimension L for the crest 28A shown in 
Figure 1 is substantially parallel to the crest 28A because die crest 28A is linear: 

25 Other shapes of crest are known in die art which will have di ffe rent definitions of 
the long dimension For example, crescent shaped crests on some cutting elements 
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may have the long dimension defined as along a line connecting the endpoints of 
the crescent Referring briefly to Figure 4, for example, a special type of cutting 
element 28B has a long dimension L2 across its crest which as shown in this 
example is oriented differently than the long dimension LI of the base of die 
5 cutting element 28B. For die description of die invention which follows, the 
orientation of die crest of such cutting elements will be determined by die 
direction of L2. As will be further explained, die in<fividual orientation of both L2 
and of LI can be optimized to provide improved drilling pferformanicte. 

Relaxing back to Figure 1, although the bit 20 has been shown wherein 

10 substantially all die cutting elements 28 include die long dimension L» it is within 
the scope of this invention if only erne such cutting dement, or any othfer number 
of catch cutting dements, is non-axisymmetric and includes long dimension L» 
The rest of die cutting elements may be axisyxmnetric Therefore, the number of 
non-aorisymmetric catting dements is not intended to limit die invention. 

15 It has been determined that die orientation of die long dimension L with 

respect to the axis of the cone A has an effect on drilling performance of die bit 
20. hi one aspect of die invention, drilling with die bit 20 through a selected earth 
formation is simulated The simulation typically includes determination of a rate 
% at which the bit penetrates through the selected earth formation (ROP), among 

20 other performance measures. In this aspect of the invention, the angle of die long 
dimension L with respect to the selected reference is adjusted, die drilling 
simulation is repeated, and the performance of the bit is again determined. The 
adjustment to the angle and simulation of drilling are repeated until die drilling 
performance is o ptimi zed In one embodiment of the invention, optimization is 
25 determined when die rate of penetration (FLOP) is determined to be maximum. 

One such method for simulating the drilling of a roller cone drill bit such as 
shown in Figure 1 is described in U. S. patent application serial no. 09/524,088 
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filed on March 13, 2000, and assigned to the assignee of this invemiot-. The 
method of the '088 patent application is hereby incorporated by reference. The 
method for simulating me driffing performance of a roller cone bit driffing en earth 
formation may be used to optimize the design of roller cone drill bits, and to 
opthnfae the doffing performance of a roller cone bit The method bemdes 
selecting bit design parameters, selecting drilling parameters, and selecting an 
earfcforniationtobedrffled^ The bit design parameter general^ ^ 
the shape of the catting elements ot the A^ bit The method fijufe includes 
calculating, ftom the bit design paimneters, driffing paiameters and earth 
formation, the parameters of a crater formed wtom^j*,*^ eiernents 
contacts fe earth foiniatipn. The nietbod tur|ie| inphjdes^ ca^cuhmng a 
bottomhole geometry, wherein the crater is removed finm a bottomhole surface. 
The method also includes increinentalry rotating the bit and repeating the 
calculating of crater parameters and bottomhole geometry based on calculated 
15 roller ccme rotation speed and 
roller cone drill bit about its axis. 

m the present embodiment, the simulation according to the previously 
described program is performed. At least one drilling performance parameter, 
which can include the rate of penetration, is determined as a result of the 
20 simnlation. The angle of the long dimension Ti of the at least one non- 
axisymmetric cutting element is a djusted The simulation is repeated, typically 
including ™»™*»inin g the values of all the other drilling control and drill bit 
design parameters, and the value of the at least one driffing performance parameter 
is i again detennined. This process is repeated until tire yah^ of &e driffing 
25 mrfarmimrt' T<" pa ™*'*? r ^p ^" 111 "^ 1 000 wtarnple. as previously explamed, the 
driffing performance parameter is optimized when rate of penetration is 
d ete nni ne d to be at a maximum. 
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For the special cutting element 28B shown in Figure 4, the orientation of 
the crest long dimension L2 and the orientation of the base long dimension LI can 
both be adjusted, the simulation repeated, and the results compared until tte vahie 
of the at least one drilling p erforman ce parameter is optimized It is believed that 
5 in some drill bits, the direction of the velocity vectc* may be d5^^ 

of the catting elements than at the base of the cutting elements. Specially shaped 
cutting elements such as shown at 28B in Figure 4 provide the bit designer with 
the ability to dptirruze the ori eritatioii of tttife 16ng dimension at both the crest and at 
the base of the cutting elements to further improve drilling performance. As for 
10 the other embodiments of a bit according to thfc various aspects of the invention, 

; el^noits as shown in Figute 4 i& not meant to 

t invention. 

Another aspect of non-axis ymiueUi o cutting dements is Oat some Types of 
such cutting elements may not be symmetric with respect to a bisecting plane. 
15 Other types of such cutting dements may be symmetric with respect to a bisecting 
plane. Referring briefly to Figure 1, typical prior art ratting elements suet as 28A 
winch are not axisymmetric nonetheless have a bisecting plane about which the 
cutting element is symmetric. In the prior art, such cutting elements 28A are 
oriented such that the bisecting plane is su^ 
20 of the roller cone. Another aspect of the invention is that in addition to orienting 
die cutting element crest at a selected angle with respect to the cone axis, the 
bisecting plane is oriented at a selected angle with respect to the surface of the 
cone. An example of this orientation is shown in Figure 

P subtends an angle B 4 with respect to perpendicular to die surface of the cone 26. 
25 As with other aspects of die invention, the orientation of the subtended angle O4 is 
preferably determined by selecting an initial value of the subtended angle, 
simulating performance of the bit, adjusting the angle, and repeating die 
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.taLatog pcrfonnanoe an optM value of .he a, ieas. one driHtog 
performance parameter is determined. 

ascribed to the Wt pa* a *«» ^»i«d that dnltaB 

peritan ^oface^Wof,ote.^^ 

crco Ht h»»i«B "<*^" ^ teaB ' ta apSmsi ** en ** ^ dlo,mas 9u 

of to long dimension I bin a wogeof abort 10 to abort 2? ^ "»P«* 
to tte ttris A, wben the catttog eten»s* 28 fa disposed to a posi*»<m fte cone 
xadUDy ootboard (away fcsnlbe eente of «» cone) of ft. «4W po««fan of a 
•drive tow" on to cone. If to eintttog daiieol, fcr ejuniiple, as diown at 29, •> 

disposed in a row radiallyjrt^^ 

tot drilling performance is intproved when the angle, shown in Figure 2 as 0* is 
within a rangeofabout 350 to 335 degrees. Tire definition of Ac size of tteangle 
used herein is that the angle increases in a direction of the Tending- edge (toward 
15 the direction of rotation of the cane). 
» has oeen d^tenarnrf 
xnore preferred value for die angle 0, is about 25 degrees, and that a more 
preferred value for angle 0* is about 335 degrees. 

m the event that abj^^cntlhig dernent:%indially y»itioiic4 at tl^ d rive row 
location, the angle may be either apprcrdmately 10 to 25, or 350 to 335 degrees, 
(or more preferably 25 or 335 degrees) depen4ing on which value of the angle 
provides a niote optima 

higher rate of penetration. 

One method for esthnatiug the position of the drive row is ilhisirated in 
25 Figure d Tte .«Mp» ^ «^ oa«. f»-n l^o aatmnteoO. 

example, using force <^culations such as described in the patent appKcation 
referred to earlier, or by simulating the drilling of me bit as in the *088 patent 
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application. Having determined or otherwise estimated the rotation ratio of the 
cone 26 y a ratio of drive tow distance from the axis of the bit B with respect to 
effective cone radius ri will be approximately related to the position of die drive 
row. The drive row position for purposes of this invention will be located 
5 approximately at the position along die cone axis A where the ratio r^rj is 
appr o xim ately die same as die rotation ratio of the cone 26. In any particular bit 
design, there may or may not be a row of cutting dements disposed at the drive 
row location. The angle for orienting the at least one cutting element can be 
selected, as previously explained, by considering die location of die at least one 
10 cutting element with respect to the drive row location estimated accor din g to file 
previously described method. . 

Referring again to Figure 3, a particular feature of the invention is shown 
which has as its p urpose further improvement of drilling performance. At least 
one of die cutting dements 30, in a row in which all the other cntting elements are 
15 oriented at the pr e ferre d angle 8 U preferably is oriented at a different angle 83 so 
that the row of cutting elements will resist "tracking". The magnitude of the 
difference in die angles is not important, but only need be selected to avoid 
tracking. In particular, whether die selected difference in angle between die at 
least one cutting element and the other cutting elements an die same row is enough 
20 to avoid tracking can be determined, among other methods, by using the drilling 
simulation technique described in the '088 patent application referred to earlier. 

This feature of die invention can work with other embodiments of a drill 
bit For example, substantially all of the cutting elements on die bit may have long 
dime n sio n L parallel to die respective axis A of the cone on which each cutting 
25 element is disposed. At least one cutting element on any. one row of cutting 
elements on the bit may be disposed so that its long dimension L subtends an 
angle other than parallel to die cone axis. In another example, at least one cutting 
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dement on each tow on one cone can be disposed so that its long dnnension is 
other than parallel to Ike respective ccme axis. In yet anoto exan^le, at least one 
cutting element on each cone, or alternatively, at leart^ 

row of each cone can be oriented so that its knigdiineiision isomer than iwallel to 
5 die cone axis. In each of the foregoing exanniles, orienmig Aeat least one cnmng 
element so that its long dimension other than parallel to me cone, when all the 
other cutting elements in the same row are parallel to ime* respect cone am 
intended to rah** tiniding. this aspect of the mvention ^ also work where me 
other ones 'of fie cutting demotion me sained 

10 hut are disposed at some selected angle (such as me previously described prefened 
rtirieV As long as at least one cutting element is disposed at a dirrerent angle than 
an the other cutting dements on one row '^la^it^''&mj^ M on me bit, such 
configuration is within the contemplation of tins aspect of tiie mvention. In 
another example, each iow of catting dements on each of the cones mciudes at 

15 least one cutting element disposed at an angle different fixmi ati tiie other cutting 
elements on tiie row to avoid tracking. 

The invention has been described with respect to particular embodiments. 
It will be apparent to those skilled in the art that other embodhnenti- of me 
f mvention can be devised which do not depart from the spirit of tiie invention as 

25CT dSclosed herein. Accordingly, me mvention shall be limited in scope cruy by the 
attached claims. 
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CLAIMS 

1. A method for optimizing drilling performance of a roller cone drill 



2 bit, ccmpriBmg: 

3 jrijratf atfogdiilK^ 

4 least one driihngi>eiro^ 

5 adjusting an orientation of at least one no**ixi^^ cutting element 

6 onthebit; 

7 repeating the rirmilatmg the drilling and Artenmning the at least 

8 performance parameter; and 

9 r ; ; «^|t§ adjusting mimm**Wm***P* 

10 p«tormam*p^^ 

1 2. The method as defined in claim 1 wherein the at feast one 

2 performance parameter co^ 



1 3. The method as defined in claim 2 wherein the optimum value is 

2 determined when the rate of penetration is at a maximum Value. 

1 4. The method as defined in claim 3 wherein the optimum value 

2 determined when me orientation is in a range of about 10 to 25 degrees when 

3 at feast one cutting element is disposed onroo^ drive row location on the 

4 cone. 

1 5. The method as defined in claim 3 wherein the optimum value is 

2 deternmredwrwm the oriental 

3 element is disposed outboard of a drive row location on the cone. 
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1 6 The method as defined in claim 3 wherein the optimum value is 

2 detemrinedwhe**^ 

3-. 

4 cone. 
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aetenmneo wucu t»is» ~— ~ 

^ at least one cutting element is disposed inboard of a drive row location on the 



! 7. The method as defined in claim 3 wherein the optimum valne 

2 detemnned^ 

3 elementisoSspoi^mboardofadrto 



1 8. the method as defined in claim 1 wherem tan o^rienlation of a crest of 

3 orientation of a base of {he at hast one non-fflrisv^^ cutting element to 

4 optiimwtoevalimofnteatle^ 



9. The method as defined in claim 1 farther comprising: 

2 adjusting an angle ofa bisecting plane of the at least one i 

3 . cutting element with respect to asmto ofarollercone onwMchflie atleastone 

4 non-axisymmetric cutting element is disposed; 

5 repeating the simulating and de trrmtnmg; and 

6 repeating the adjusting & bisecting plane angle, simulating and 
7, deteimining un^^ of flie at least one driffing perfbrmaace 

8 pat ame twr i* de termine d to be at the Optimal value. 
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10. A roller cone drill bit, comprising: 
aphiralityof^ 

a plurality of catting elements on each of the cones, at least one of 

the cutting elements being non-axisvmm^^^ 

an angle sulrtendedl)etween 
one nor^syrnrnetric cutting element and an axis of rotation of the con? on 
wlrich1 he at least onecmth^ 
at least one drilling perfiwnianee parameter. 

11. The roller cone drill bit as defined *1&W*mmm at least 
c»he4rilh^T^ 

12. The roller cone drill bit as defined in clafin 1 6 wherein me angle is 
outboard of a drive row location on fte < 



13. The roller cone drill bit as defined in claim 10 wheisein the angle is 
approxhnatery 25 degrees when the at least one cintting element is disposed 
outboard of a drive row location cmtheconev 

14 ? The roller cone M brt as dexmed in claim 10 wherein the angle is 
app^droately 350 to 335 degrees when the at least one cnrting element is 

> row location. 



15. The roller cone drfflbit as fcrnruri m clafo 10 whe^ 
approximately 335 degrees when me at least one cutting element is disposed 
inboard of the drive row location. 
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, 16 Tbe roller cone drill bit as defined in claim 1 0 wherein the angle is 

2 the one of approximately 25 degrees and approxinudery 335 degrees which 
provides a higher rate of penetration, when the at least one cutting element « 



3 



4 disposed on a drive row location on the cone. 

1 ,17. The roller cone drfll bit as defined in claim 10 wherein the cutting 

2 elements comprise rmtted steel teeth. 

1 18. Tte-roll»conedribft M 

2 elements comprise nmgsten carbide inserts. 

1 19. The roller cone drfll bit as Mn* m claim 10 wherein the cutting 

2 dements comprise porycrystafline diamond 

1 20. The roller cone drfll bit as defined in daim 10 whe^ at least one 

2 cnnmg element ma row haidngcotm^ 

3 disposed at a different angle whereby the drifl bit substantially avo^ 

1 21 The roller cone drfll bit as defined in claim 10 wherein an angle 

2 attended ^between a long dimension of a crest of me at least one non- 

3 axtsynmrtnc cutting cOeinent and im axis of rotation me c^ 

4 least one cuttmg element is deposed, and an angle subtended between a long 

5 dimension of the base of me non^xisvmmetric cutting element and the axis of the 

6 cone are bom selected to optnn^ a vato 
7 
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22. The roller cone drill bit as defined in claim 21 wherein the at least 
one drilling performance parameter comprises rate of penetration of the biL 

23. The toiler cone as defined in claim 10 wherein an angle subtended 
between a bisecting plane of the at least one non-axisymmetric cutting element 
and a surface of the cone on which the at least one non-ansymmetric cutting 
element is disposed is selected to o ptimiz e the value of the at least one drilling 

24. The roller cone drill bit as defined in claim 23 wherein die at leatt 
mffiffig^^ ofttebte 

25. A roller cone drifl bit, comprising: 

a plurality of roller cones xotatably mounted on a bit body; ard 
a plurality of non-axisymmetric cutting elements disposed on each of 
the roller cones, on at least one row of the cutting elements there being at least one 
of the cutting elements oriented at a different angle than the other ones of flip 
cutting elements on the at least one row of cutting elements. 

26. The roller cone drill bit as defined in claim 25 further composing, on 
each of the roller cones, at least one cutting element being oriented at an angle 
different than the oilier ones of the cutting elements on the at least one row of the 
cutting elements. 
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1 27. Thereto cone drfflbH as defoedinc^ 

2 |^oneofmerows<mi* 

3 of fiie rows row being oriented at an aBgle diffenmt than the other ones of the 

4 cutting elements in a same one of the rows. 

1 28. The roller cone drill bit as defined m claim 26 finte 

2 least one cutting element in each r^ on ^ of the rnljacones hfpijg. oriented at 

3 an angle different fiian Corner ones offtecnttingejtei!^ 

4 each of me roller cones. 

• 1 , , M ^ , . TherolkT^ 

2 omer ones of me cintmg elements is oriented so mat its long dnnensiott is 

3 substantially parallel to an axis of the one of fiu? one of the roller cones on which it 

4 Is/disposed. 

1 30. The roller cone drill bit as defoed m claim 29 

2 omer ones of me cutting clonente fa oriented so 

3 snTwt^^lly parallel to an axis of me one of me one of the roller cones on which it 

4 is disposed. 
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